


Comparative Mineral and Vitamin composition of Dialium guineense pulp and seed.


Abstract
Fruits and vegetables aid in the prevention of acute and chronic diseases. Dialium guineense also known as “African black velvet tamarind” is seen in many parts of sub-saharan Africa and remains a well-known nutritional and health-promoting fruit and food to the local population. Therefore, this study aimed to investigate the mineral and vitamins composition of the fruit pulp and seed of Dialium guineense. Heavy metal analysis was conducted using Agilent FS240AA Atomic Absorption Spectrophotometer. Vitamin analysis was conducted using standard diagnostic methods. Data analysis was conducted using SPSS software version 27. The pulp showed higher levels of minerals such as potassium (8.05 ± 0.00 ppm), magnesium (6.98 ± 0.00 ppm) and calcium (9.34 ± 0.00 ppm) when compared to the seed (6.78 ± 0.00 ppm), (6.17 ± 0.00 ppm), and (8.57 ± 0.00 ppm) respectively. Also, the seed showed higher level of sodium (10.45 ± 0.00 ppm) when compared with the pulp (9.57 ± 0.00 ppm). However, from the vitamin analysis, the pulp contains higher levels of vitamin D (14. 11 ± 0.00 mg/kg), vitamin B6 (23.84 ± 0.00 mg/kg, vitamin E (6.36 ± 0.00 mg/kg), Vitamin B12 (8.65 ± 0.00 mg/kg) and vitamin B3 (6.10 ± 0.00 mg/kg) when compared to the seed (3.72 ± 0.00 mg/kg), (22.62 ± 0.00 mg/kg), (4.54 ± 0.00 mg/kg), (6.45 ± 0.00 mg/kg) and (5.37 ± 0.00 mg/kg) respectively. The seed contains higher levels of vitamin A (36.75 ± 0.00 mg/kg) and vitamin C (68.13 ± 0.00 mg/kg) when compared to the pulp (34.45 ± 0.00 mg/kg) and (65.91 ± 0.00 mg/kg) respectively. These results suggest that both the pulp and seed of Dialium guineense contain adequate minerals and vitamins that have nutritional relevance and should be considered as a reliable source of important minerals and vitamins.
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1.0	INTRODUCTION
Consuming fruits and vegetables may usually aid in the prevention of chronic and degenerative diseases (Adepoju, 2009). Vitamins, as part of the nutritional requirement of the human body, are gotten from fruits and plants in a substantial amount. Vitamins are a wide group of organic compounds that are needed only in minor quantities. According to Moreno and Salvado (2000), vitamins are important constituents of food required for the normal growth, self-maintenance, and functioning of human and animal bodies. Most vitamins are not being able to be synthesized by humans and they consequently have to be obtained exogenously (LeBlanc et al., 2013). Minerals are critical building blocks of bones, teeth, tissues, muscles, blood, and nerve cells and are crucial for the total development of both mental and physical being. A vital dietary supplementary will enhance the availability of these vitamins and minerals to the body, through plants, leaves, fruits, fruit pulps, and drugs etc. Wild or commercialized fruits in tropical countries offer potential novel sources of macro and micro-nutrients as well as promoting health in rural areas. 
Among these wild fruits, Dialium guineense also known as African black velvet tamarind is seen in many parts of sub-saharan Africa and remains a well-known nutritional and health-promoting fruit and food to the local population. Dialium guineense is a tree of an average height of 30 m with densely leafy crown, smooth greyish bark. Leaves are hairy and the flowers are usually whitish while the fruits are less circular and flattened. Dialium guineense also known as Velvet tamarind can be found in West African countries such as Ghana where it is known as Yoyi, Senegal, Sierra Leone, and Nigeria where it is known as Icheku in Igbo, Tsamiyar kurm in Hausa, and Awin in Yoruba (David et al., 2011). All categories of individual consume the fruits annually as snacks. All parts of D guineense (the roots, bark, stems, leaves, fruits, and seeds) are utilized medicinally (Besong et al., 2016). The food industry has also employed it in the manufacture of drinks, sweets, and jams (Okudu et al., 2017). Dialium guineense pulp and seed contain important phytochemicals and nutrients (Ezeigwe et al., 2026). Fruit pulp supplies high amount of micronutrients like sodium, magnesium and potassium. Bark and leaves are used against several diseases such as malaria (Effiong and Udo, 2010). Most women in the Southeastern Nigeria chew the fruits of the plant to improve lactation and check genital infection (Balogun et al., 2013). This study aimed to evaluate the mineral and vitamin composition of the pulp and seed of Dialium guineense.

2.0	METHODS
2.1	PLANT COLLECTION AND IDENTIFICATION
The Dialium guineense seeds were sourced from Eke market, Awka, Anambra State. It was authenticated by a taxonomist in the Department of Botany, Faculty of Biosciences, Nnamdi Azikiwe University, Awka. The herbarium number as deposited in the Department of Botany was NAUH-70.
2.2	SAMPLE PREPARATION
Dialium guineense seeds were dried at room temperature for a period of two weeks. It was thereafter pulverized into powder using a corona manual grinding machine and used for mineral and vitamin analysis. Dialium guineense pulp was separated from the fruit, dried at room temperature for a period of two weeks, and ground into powder using a corona manual grinding machine. It was thereafter used for mineral and vitamin analysis.
[bookmark: _Hlk200655588]2.3	METHODS FOR THE ELEMENTAL ANALYSIS 
Heavy metal analysis was conducted using Agilent FS240AA Atomic Absorption Spectrophometer according to the method of APHA 1995 (American Public Health Association)
Working principle: Atomic absorption spectrometer's working principle is based on the sample being aspirated into the flame and atomized when the AAS's light beam is directed through the flame into the monochromator, and onto the detector that measures the amount of light absorbed by the atomized element in the flame. Since metals have their own characteristic absorption wavelength, a source lamp composed of that element is used, making the method relatively free from spectral or radiational interferences. The amount of energy of the characteristic wavelength absorbed in the flame is proportional to the concentration of the element in the sample.
Sample Digestion (Adrian, 1973)
1. Weigh out approximately 2g of the dried sample in to a digestion flask and add 20ml of the acid mixture (650ml conc HNO3; 80ml perchloric acid; 20ml conc H2SO4)
2. Heat the flask until a clear digest is obtained.
3. Dilute the digest with distilled water to the 100ml mark.
Preparation of reference solutions
A series of standard metal solutions in the optimum concentration range are prepared, the reference solutions were prepared daily by diluting the single stock element solutions with water containing 1.5 mL concentrated nitric acid/litre.  A calibration blank was prepared using all the reagents except for the metal stock solutions.
Calibration curve for each metal was prepared by plotting the absorbance of standards versus their concentrations.
2.4	VITAMINS
ESTIMATION OF VITAMIN A
Vitamin A was estimated by the method of Bayfield and Cole (1980).
PRINCIPLE
The assay is based on the spectrophotometeric estimation of the colour produced by vitamin A acetate or palmitate with TCA.
REAGENTS
1. Saponification mixture (2N KOH in 90% alcohol)
2. Petroleum ether (40-60C)
3. Anhydrous sodium sulphate
4. Chloroform
5. Vitamin A palmitate
6. TCA reagent (60% TCA in chloroform) – prepared fresh.

PROCEDURE
All procedures were carried out in the dark to avoid the interference of light. One (1) gramme of sample was mixed with 1.0ml of saponification mixture and refluxed for 20 minutes at 600C in the dark. The tubes were cooled and 20ml of water was added and mixed well. Vitamin A was extracted twice with 10ml of (400-600C) petroleum ether. The two samples were pooled and washed thoroughly with water. Anhydrous sodium sulphate was added to remove excess moisture. An aliquot of the sample (1.0ml) was taken and evaporated to dryness at 600C. The residue was dissolved in 1.0ml chloroform. Standards (vitamin A palmitate) of concentrations ranging from 0-7.5 g were pipetted out into a series of test tubes.
The volume in all the tubes was made up to 1.0ml with chloroform. TCA reagent (2.0ml) was added rapidly, mixed and the absorbance was read immediately at 620nm in a spectrophotometer (Genesys 10UV). The same procedure was repeated for the sample tubes also. Vitamin A content was expressed as mg/kg.
ESTIMATION OF VITAMIN E
Vitamin E was estimated in the sample samples by the Emmerie-Engel reaction as reported by Rosenberg (1992).

PRINCIPLE
The Emmerie-Engel reaction is based on the reduction of ferric to ferrous ions by Vitamin Es, which, with 2,2'-dipyridyl, forms a red colour. Vitamin Es and carotenes are first sampleed with xylene and read at 460nm to measure carotenes. A correction is made for these after adding ferric chloride and read at 520nm.
REAGENTS
1. Absolute alcohol
2. Xylene
3. 2,2'-dipyridyl (1.2g/L in n-propanol)
4. Ferric chloride solution (1.2g/L in ethanol)
5. Standard solution (D, L-α-Vitamin E, 10mg/L in absolute alcohol)
6. Sulphuric acid (0.1N)
SAMPLE ION OF VITAMIN E
The sample (2.5g) was homogenized in 50ml of 0.1N sulphuric acid and allowed to stand overnight. The contents of the flask were shaken vigorously and filtered through Whatman No.1 filter paper. Aliquots of the filtrate were used for the estimation.
PROCEDURE
Into 3 stoppered centrifuge tubes, 1.5ml of sample sample, 1.5ml of the standard and 1.5ml of water were pipetted out separately. To all the tubes, 1.5ml of ethanol and 1.5ml of xylene were added, mixed well and centrifuged. Xylene (1.0ml) layer was transferred into another stoppered tube. To each tube, 1.0ml of dipyridyl reagent was added and mixed well. The mixture (1.5ml) was pipetted out into a cuvette and the extinction was read at 460nm.
DETERMINATION OF VITAMIN C
Vitamin C was analysed by the spectrophotometric method described by Roe and Keuther (1943).
Principle 
Absorbate is converted into dehydroascorbate on treatment with activated charcoal, which reacts with 2,4-dinitrophenyl hydrazine to form osazones. These osazanes produce an orange-coloured solution when dissolved in sulphuric acid, whose absorbance can be measured spectrophotometrically at 540nm.
Reagents 
1. TCA (4%)
2. 2,4 dinitrophenyl hydrazine reagent (2%) in 9N H2SO4
3. Thiourea (10%)
4. Sulphuric acid (85%)
5. Standard ascorbic acid solution: 100µg/ml in 4% TCA

Extraction of Vitamin C
Ascorbate was extracted from 1g of the sample using 4% TCA and the volume was made up to 10ml with the same. The supernatant obtained after centrifuging at 2000rpm for 10minutes was treated with a pinch of activated charcoal, shaken vigorously using a cyclomixer and kept for 5 minutes. The charcoal particles were removed by centrifugation and aliquots were used for the estimation.
Procedure 
Standard ascorbate ranging between 0.2 – 1.0ml and 0.5ml and 1.0ml of the supernatant were taken. The volume was made up to 2.0ml with 4% TCA. DNPH reagent (0.5ml) was added to all the tubes, followed by 2 drops of 10% thiourea solution. The contents were mixed and incubated at 370c for 3 hours resulting in the formation of osazane crystals. The crystals were dissolved in 2.5ml of 85% sulphuric acid, in cold. To the blank alon, DNPH reagent and thiourea were added after the addition of sulphuric acid. The tubes were cooled in ice and the absorbance was read at 540nm in a spectrophotometer.
A standard graph was constructed using an electronic calculator set to the linear regression mode. The concentration of ascorbate in the sample were calculated and expressed in terms of mg/kg of sample.
Determination of vitamin B1 and B2
· 1g of sample was weighed into a conical flask
· This was dissolved with 100ml of deionized water
· This was shaken thoroughly and heated for 5 minutes and allowed to cool and filtered.
· The filtrate was poured into cuvette and their respective wavelength for the vitamins set to read the* absorbance using spectrophotometer
Vitamin B1 = 261nm
Vitamin B2 = 242nm
Calculations:
Concentration (mg%) = A x D.F x volume of cuvette (5)  
                                                                      E
Where A = absorbance
	E = extinction coefficient = 25 for B1 and B
                    DF = dilution factor
Determination of vitamin B3(Nicotinamide)
· 5g of sample was dissolved in 20ml of anhydrous glacial acetic acid and warmed slightly.
· 5ml of acetic anhydride was added and mixed.
· 2 -3 drops of crystal violet solution were added as indicator.
· Titrate with 0.1M perchloric acid to a greenish blue colour.

Calculation:
VitaminB3 =titre value x 0.0122  
                                0.1

Determination of vitamin B6
· 5g of sample was dissolved in a mixture of 5ml of anhydrous glacial acetic acid and 6ml of 0.1m mercury II acetate solution.
· 2 drops of crystal violet were added as indicator.
· Titrate with 0.1m perchloric acid to a green colour end point. `
· Calculation: each meal of 0.1M perchloric acid is equivalent to 0.02056g of C8H11NO3HCL

Vitamin B12
Spectrophotometric determination of cyanocobalamine in serum preparations by coupling reactions with pyridine
Sample preparation: Weigh equivalent 0.1ml of sample was taken into separator. In separator, 5 ml of water was added, mixed well and extract with 5 ml chloroform. Discard the water layer then taken chloroform in dry 50 ml volumetric flask by passed through anhydrous sodium sulphate and made up to 50 ml with chloroform.
Procedure: 2ml sample and blank solution was taken into test tube. In each test tube, added 2 ml of 0.2%-sol ution of phenyl hydrazine (in hydrochloric acid and alcohol in ratio of 1:5 v/v) and mixed well. After that heat on water bath until to almost dryness and cool at room temperature. 2ml ml solution mixture (ammonia and alcohol in ratio of 1:1) was added in each test tube and 1ml pyridine was. It was absorbance recorded at 635 nm against blank. Standard cobalamine was also analyzed and treated same as sample.
Calibration curve was plotted and the concentration of sample extrapolated. (H. Hasfat 2010).  
Vitamin D
Vitamin D was assayed according to the method of Brockmann et al. (1974)
Principle
the principle is based on the formation of a yellow color by reaction of the vitamin with a chloroform solution of trichloroacetic acid,
Standard preparation: Weigh accurately 25 mg vitamin D3 working standard was taken 25 mlm volumetric flask with solution mixture (chloroform and methanol in ratio 1:9) dissolved and dilute with solution mixture and make up to the mark mix well. Sample preparation: Weigh accurately equivalent 0.1ml sample was taken 25 ml volumetric flask with solution mixture (chloroform and methanol in ratio 1:9) dissolved and dilute with solution mixture and make up to the mark mix well.  1.6ml of 0.25N HCL, 0.5ml of 15.0%trichloroacetic acid (TCA) and 0.5ml of 0.375% of thiobarbituric acid (TBA) was added It was absorbance recorded at 464 nm against blank

Statistical Analysis
[bookmark: _Hlk133497737]Data obtained from the experiments were analyzed using the Statistical Package for Social Sciences software for windows version 27 (SPSS Inc., Chicago, Illinois, USA). All the data collected were expressed as Mean ± SEM. Statistical analysis of the results obtained were performed by using ANOVA Tests to determine if a significant difference exists between the mean of the test and control groups. The limit of significance was set at p<0.05.

3.0 RESULTS
3.1 RESULT OF MINERAL ANALYSIS OF D. guineense

Figure 1: Mineral analysis of Dialium guineense pulp and seed.
The result of the mineral composition of the pulp and seed extract of Dialium guineense are shown in figure 1. The result shows that minerals such as potassium (8.05 ± 0.00 ppm), calcium (9.34 ± 0.00 ppm), magnesium (6.98 ± 0.00 ppm) are statistically higher in the pulp when compared to the seed (6.78 ± 0.00 ppm), (8.57 ± 0.00 ppm) and (6.17 ± 0.00 ppm) respectively. Also, sodium is statistically higher in the seed (10.45 ± 0.00 ppm) when compared to the pulp (9.57 ± 0.00 ppm). However, other trace minerals are found in little concentration.
3.2	VITAMIN ANALYSIS of D. guineense

Figure 2: Vitamin analysis of Dialium guineense pulp and seed.
The result of the vitamin composition of the pulp and seed extract of Dialium guineense are shown in figure 2. The result shows that vitamins such as vitamin B6 (23.84 ± 0.00 mg/kg), vitamin B12 (8.65 ± 0.00 mg/kg), vitamin B3 (6.10 ± 0.00 mg/kg), vitamin D (14. 11 ± 0.00 mg/kg), and vitamin E (6.36 ± 0.00 mg/kg) are statistically higher in the pulp when compared to the seed at (22.62 ± 0.00 mg/kg), (6.45 ± 0.00 mg/kg), (5.37 ± 0.00 mg/kg), (3.72 ± 0.00 mg/kg) and (4.54 ± 0.00 mg/kg) respectively. However, vitamin A (36.75 ± 0.00 mg/kg) and vitamin C (68.13 ± 0.00 mg/kg) are statistically higher in the seed when compared to the pulp at (34.45 ± 0.00 mg/kg) and (65.91 ± 0.00 mg/kg) respectively. 
4.0	DISCUSSION
Mineral elements composition for Dialium guineense in this study reveals that the pulp and seed were very rich in sodium (Na) at 9.57 ± 0.00 ppm and 10.45 ± 0.00 ppm, this also confirm the work of Adepoju (2009), when he studied three locally available wild fruits in Nigeria for their proximate composition and micronutrient potentials. Potassium (K) is more available in the pulp than the seeds at 8.05 ± 0.00 ppm and 6.78 ± 0.00 ppm is value found in the seed. According to this study the available amount of iron (Fe) in pulp is 0.88 ± 0.00 ppm which is lower than the one available in the seeds at 0.95 ± 0.00 ppm. The pulp contains 6.98 ± 0.00 ppm of magnesium, higher than the one contained in the seed at 6.17 ± 0.00 ppm. Therefore, the pulp is richer in Mg than the seeds. The pulp is richer in calcium than the seed at 9.34 ± 0.00 ppm while the seed is 8.57 ± 0.00 ppm. These values deviated from those obtained by Ofosu et al., (2013). The deviation could be as a result of environmental influence, experimental and/or personal error. The pulp is richer in K, Mg and Ca than the seed. 
[bookmark: _GoBack]The vitamin composition as shown in figure 2, illustrate the presence of both fat-soluble vitamins and water-soluble vitamins in the pulp and seed extract of Dialium guineense, indicating its nutritional important. Vitamin C was the most abundant vitamin in both samples, with the seed (68.13 ± 0.00 mg/kg) slightly higher than the pulp (65.91 ± 0.00 mg/kg). Vitamin C is an important nutrient involved in the synthesis of collagen, immunity, and iron absorption (Najwa and Azrina, 2017), hence its occurrence at about 65.91 ± 0.00 mg/kg in D. guineense pulp is comparable to citrus fruits like oranges (50-70 mg/100g) (Najwa and Azrina, 2017), suggesting its potential as a valuable dietary source, particularly in regions where access to citrus may be poor. Vitamin C deficiency will promote anemia because of its role in iron absorption, and stabilization of folate in food and also in the plasma (Loganathan et al., 2023; Golding, 2018).
Vitamin A levels were also high in both the pulp and seed, with the seed (36.75 ± 0.00 mg/kg) showing higher concentration than the pulp (34.45 ± 0.00 mg/kg). Vitamin A is essential for vision, especially night vision (Hodge and Taylor, 2024), and is required for the synthesis of rhodopsin, a visual pigment present in retinal cells. Its abundance in the pulp and seed suggest that it is very important for normal growth and development, including cell differentiation and bone growth regulation (Hodge and Taylor, 2024). 
The B-complex vitamins (B1, B2, B3, B6 and B12) were present in minutes quantities with the pulp (23.84 ± 0.00 mg/kg) and seed (22.62 ± 0.00 mg/kg) of B6 being the highest. B-complex vitamins are indispensable for physiological functions, such as tissue regeneration and upkeep. Vitamin B1 facilitates the release of energy, enhances appetite, and sustains muscle and nerve operation. Riboflavin and niacin are imperative for oxidative phosphorylation and coenzyme synthesis. Vitamin B6 is engaged in the production of neurotransmitters and the functioning of the nervous system (Hrubša et al., 2022; Hanna et al., 2022). 
Vitamin D, a fat-soluble vitamin was markedly higher in the pulp (14. 11 ± 0.00 mg/kg) than in the seed (3.72 ± 0.00 mg/kg). Vitamin D is involved in the regulation of various metabolic processes, including blood sugar regulation and the modulation of muscle and heart cell function (Hodge and Taylor, 2024). Therefore, the high concentration of vitamin D in the pulp suggest that it is essential for bone mineralization, promoting intestinal calcium and phosphorus absorption, and regulating calcium metabolism in bone. 
Conclusion
In this study, the pulp and seed of Dialium guineense are nutritionally relevant. Mineral analysis shows that the pulp is richer in potassium and calcium, and its seed was found to be rich mainly in sodium. It was also found that the seed contains mainly high vitamin A and vitamin C, while the pulp contains mainly high vitamin D and B-complex vitamins. Hence, it can provide the body with potassium and vitamin C when it is eaten or used as feed for livestock.
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Mineral Analysis of D. guineense pulp and seed

 D. guineense pulp	0.039	Sodium 	Potassium 	Chromium 	Magnesium 	Mercury 	Manganese 	Arsenic 	Cobalt 	Lead 	Cadmium  	Copper 	Zinc 	Iron 	Calcium  	Aluminium 	Vanadrum 	9.5670000000000002	8.0540000000000003	9.9000000000000005E-2	6.9829999999999997	1.9E-2	0.24	0.01	1.7999999999999999E-2	3.2000000000000001E-2	2.9000000000000001E-2	0.26700000000000002	0.46700000000000003	0.88	9.343	0.02	0	D. guineense Seed	0.019	Sodium 	Potassium 	Chromium 	Magnesium 	Mercury 	Manganese 	Arsenic 	Cobalt 	Lead 	Cadmium  	Copper 	Zinc 	Iron 	Calcium  	Aluminium 	Vanadrum 	10.452999999999999	6.7830000000000004	0.31900000000000001	6.1669999999999998	1.2999999999999999E-2	0.189	0.03	0.01	0.04	1.2999999999999999E-2	0.17799999999999999	0.26700000000000002	0.95399999999999996	8.5649999999999995	0	0	
Minerals (ppm)




Vitamin Analysis of D. guineense pulp and seed

D. guineense pulp	Vitamin A 	Vitamin B1	Vitamin B2	Vitamin B3 	Vitamin B12	Vitamin C	Vitamin D 	Vitamin B6 	Vitamin E 	34.451360000000001	9.0999999999999998E-2	0.69	6.1	8.65	65.911000000000001	0	23.84	6.3620000000000001	D. guineense seed	Vitamin A 	Vitamin B1	Vitamin B2	Vitamin B3 	Vitamin B12	Vitamin C	Vitamin D 	Vitamin B6 	Vitamin E 	36.747079999999997	9.1999999999999998E-2	0.69599999999999995	5.3680000000000003	6.4489999999999998	68.132999999999996	3.7240000000000002	22.616	4.5419999999999998	
Vitamins (mg/kg)
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